Reintroduced houbara bustards (Chlamydotis [undulata] macqueenii ) in a large, fenced reserve in central Saudi Arabia are subject to predation pressures from mammalian carnivores. From 1993 to 1997 a total of 98 Arabian red foxes (Vulpes vulpes arabica) and 56 RuK ppell's foxes (Vulpes ruppelli sabea) were translocated away from houbara reintroduction sites in a predator control exercise. Translocation distances varied from 15 to 150 km and both species showed the same likelihood of return and recapture (ca. 12%). No fox of either species was recorded as having returned from translocation distances in excess of 150 km. Red fox return appeared to be related to distance translocated up to 150 km, but this was not the case for RuK ppell's fox. In this trial, translocation was not found to be a time-effective tool to reduce predation.
Introduction
The majority of animal relocation projects take place due to conservation purposes, moving threatened or endangered species to areas with suitable habitat (Wolf et al., 1996; Fischer & Lindenmayer, 2000) . Translocation is also suggested as a non-lethal alternative for managing species, moving individuals away from areas of conflict (Griffith et al., 1989; Linnell et al., 1997; VanVuren et al., 1997) . This can be human-animal conflict or conflict with another conservation project. This translocation might succeed in taking the problem away from the area, but individuals that return to the site of capture or do not stay in the release site are common causes of failure of such translocation projects (Fischer & Lindenmayer, 2000) . Translocated animals may also spread disease and parasites and directly compete with conspecifics in the release area (Craven et al., 1998) .
The Internationally Vulnerable (International Union for Conservation of Nature and Natural Resources, IUCN) houbara bustard (Chlamydotis [undulata] macqueenii ) is the focus of a national reintroduction programme run by the National Commission for Wildlife and Conservation Development (NCWCD). Since 1991 releases of captive-bred houbara have taken place in the Mahazat as-Sayd protected area in central Saudi Arabia. This protected area comprises 2244 km 2 of semi-arid habitat typical of the central plateau of the Arabian Peninsula (Mandaville, 1990) . The area was fenced in 1989 to keeps out the local bedouin and their livestock. RuK ppell's foxes (Vulpes ruppelli sabea) and Arabian red foxes (Vulpes vulpes arabica) are the most abundant mammalian carnivores in the reserve (Lenain, 2000) and the latter species has been identified as a cause of mortality of reintroduced houbara and their eggs and nestlings (Maloney, 1996) .
Translocation was proposed as an approach to reduce the density of foxes and thus the predation pressure around the houbara reintroduction sites in Mahazat as-Sayd. There is evidence that homing success is inversely related to displacement distance in mammals (Allen & Sargeant, 1993; VanVuren et al., 1997) . The aim of this research was to investigate the effectiveness of translocation of foxes on the houbara release programme and to test the hypothesis that probability of return is related to the distance of the translocation.
Methods
The reintroduction site for houbara bustards is placed centrally within the protected area and consisted of a predator-free 400-ha enclosure with an electrified fence. In 1993 a grid of 23 trap sites was established over an area of 36 km 2 centered on the fenced enclosure. At each trap site a single Tomahawk livetrap (40;40;108 cm) was baited with raw chicken and left with one door opened. Traps were not pre-baited. All carnivores caught were sexed, ear-tagged and fed and watered until transported for release.
In 1993-1996 red foxes, wild cats (Felis silvestris tristrami ) and feral cats (Felis catus) were translocated at varying distances from the point of capture, both inside and outside Mahazat as-Sayd. Initial translocation distances ranged from 15 to 149 km, increasing in 15-km increments and radiating out from the pre-release enclosure in different directions.
In 1997, three houbara release areas of 12-14 km 2 were selected throughout Mahazat as-Sayd and a grid of 25 traps set up in each area. Foxes in these release areas were trapped for a period of at least 10 days prior to a houbara release and trapping continued after the release until all birds had left the immediate area. Fox and cat species, including Sand cat (Felis margarita harrisoni ), were translocated at distances ranging from 60 km to over 150 km, wherever suitable habitat types occurred and there was little Bedouin camping activity in the vicinity. Due to time limitations, no assessment was made of the translocated animals at release sites, nor of possible disease or parasite transmission.
A summary of target species and management actions used in the reintroduction programme is shown in Table 1 . On a few occasions, when the transport capacity was exceeded, a small number of red foxes and feral cats were euthanised and not translocated. Statistical analyses were performed using StatView by Abacus Concepts Inc., Berkeley, USA.
Results
A total of 98 red foxes and 56 RuK ppell's foxes were translocated from 1993 to 1997. The mean distances of the translocations were 73)8 km for red foxes (S.E. 4)5; min. 15; max. 250 km) and 95)3 km for RuK ppell's foxes (S.E. 6)5; min. 15; max. 170 km). Both fox species showed the same frequency of recapture within the houbara release areas, with 13)3% (n"13) of translocated red foxes recaptured and 10)7% (n"6) of RuK ppell's foxes (Chi-square test corrected for continuity"0)04, p"0)834, not significant). 1993-1994 1995 1996 1997 Red fox
None None None T T -Translocated; E -Euthanasia; T/E -Translocated or Euthanasia Translocation distances to recipient area: 1993-1994"15-49 km; 1995"45-84 km; 1996"85-149 km; 1997"60-'150 km. Recaptures were too low to allow sex or adult/juvenile differences to be examined for each species. A total of four wild cats, four feral cats and three sand cats were trapped and translocated, all in excess of 49 km, and none of these were recaptured around the houbara release areas.
Although sample sizes are small, the likelihood of translocated red foxes returning to be retrapped seems to be distance related. The mean translocation distance of red foxes that were recaptured was 40)5 km, whereas for those not recaptured it was 78)9 km (ANOVA, F"9)02, p"0)003). Translocation distance had little effect in this study for RuK ppell's foxes. Mean translocation distance of RuK ppell's foxes that were recaptured was 110)7 km and not recaptured, 93)4 km (ANOVA, F"0)7, p"0)41). No foxes of either species were recorded as returning from distances in excess of 150 km (Table 2) .
If the data for foxes translocated in excess of 150 km are omitted, then the return rates were 14)8% for red foxes and 14)6% for RuK ppell's foxes. These values are similar to a random return (12)5%, chi-square test, not significant) if one assumes that the foxes have an equal likelihood of dispersing from release areas to any of the eight main points of the compass (N, NE, E, SE etc.).
The mean time to return and recapture was 121 days, but the sample size was small. One female red fox translocated 45 km outside the reserve was retrapped close to the site of capture just four days later. In contrast, one female RuK ppell's fox was recaptured 278 days after her initial capture and translocation to a distance of 58 km. One male adult RuK ppell's fox traveled 71 km in 11 days to return into the reserve and was trapped some 20 km from the original capture site. However, the time to recapture cannot be equated with travelling time since an individual may be within a trapping zone for an unknown period before it is caught in a trap.
The fence around the protected area might be viewed as a barrier to movement but foxes have been observed to enter the reserve in the gap by the hinges of vehicle access gates and by climbing the 2)1 m-high fence. However, only one fox, out of 21, returned after being translocated to the opposite side of the Taif-Riyadh six-lane motorway.
Following predator translocation in 1993-1994, the number of newly released houbara bustard killed by mammalian predators decreased by 36% in the immediate area of the pre-release enclosure (Combreau & Smith, 1998) . Despite the translocation effort continuing in 1995, predators took 62% of newly released houbara and two-thirds of the losses occurred within the trapping zone around the pre-release enclosure (Maloney, 1996) . The numbers of foxes translocated increased with the introduction of the new release technique in 1997 (see Methods), and preliminary results indicated that adult houbara survival was higher but all houbara nests were predated (Lenain, 2000) .
Discussion
Translocation of animals is now a frequently used management tool, mainly for conservation purposes, but also in attempts to resolve human-animal conflicts (Fischer & Lindenmayer, 2000) . This study reports a less common situation, that of a conservation-conservation conflict, with the re-introduction programme for a threatened bird species, the houbara bustard, being negatively affected by the native small carnivore populations in a protected area. The populations of the two fox species have been increasing since the fencing of the protected area and the subsequent improvements in habitat (Lenain, 2000) , but the sand cat and wild cat seem to remain scarce. Thus in an attempt to reduce predation pressure on houbara, translocation was used as a tool to reduce local predator populations around houbara release areas.
Large carnivores have shown a consistent ability to home to the site of capture from distances of up to 400 km (Linnell et al., 1997) . However, this did not seem to be the case for red and RuK ppell's foxes, with no returns from distances in excess of 150 km and a random chance of return from other distances, except for red foxes which showed a higher return rate if released within 49 km of their capture point. The home range of Arabian red foxes and RuK ppell's foxes are typically about 10-20 km 2 and radio-tracked individuals frequently move in excess of 10 km in a night (Macdonald & Forbes, 1991; Lenain, 2000) . Thus it might be expected that translocated foxes could return from distances of many tens of kilometres.
Monitoring of released animals should be carried out if possible, but resource constraints can be a major obstacle, as in this study. The ability of a species to withstand the stresses of translocation and to survive and reproduce in a new area, as demonstrated by wolves in Minnesota, USA (Fritts et al., 1985) , indicates the potential value of this management tool. However, Craven et al., (1998) in a review of translocation policies in the U.S. concluded that the wildlife management profession should minimize the use of translocation, due to the risks of disease transmission and the possible effects on conspecifics at the release area, and they concluded that euthanasia may be the preferable option.
With regards to this translocation programme, the aim was to reduce local predation risks for released houbara. By increasing the minimum translocation distance to over 150 kms the return rate would be zero according to the data collected so far. The data for Red fox from this study supports that of VanVuren et al. (1997) indicating evidence for mammals that homing success is inversely related to displacement distance.
The translocation activities required about 3 man-hours per day to service the traps and 6 h every third day to relocate the animals, plus a vehicle. Because of the resource implications, it was decided that from 1998 euthanasia would be the preferred option over translocation for the fox species and the feral cat. Sand cat and wild cat would be translocated a short distance (15-30 km), since to date they had not been recaptured at the houbara release area. In conclusion, the predation problems faced by the released houbara were not resolved by translocating small carnivores from the vicinity of the release areas and a more intensive predator removal scheme might be necessary. However, the Arabian red and RuK ppell's foxes are well established in Mahazat as-Sayd and the houbara will inevitably move into fox territories once they move away from the release areas.
